Purpose. Staphylococcus epidermidis colonies often display several morphologies and antimicrobial susceptibility patterns when cultured from device-related infections, and may represent one or multiple genotypes. Genotyping may be helpful in the clinical interpretation, but is time consuming and expensive. We wanted to establish a method for rapid discrimination of S. epidermidis genotypes for use in a routine microbiology laboratory.
Staphylococcus epidermidis colonizes human skin and is a well-known opportunistic pathogen in hospitalized patients. It causes a wide range of infections commonly related to immunosuppression or indwelling medical devices, and poses a significant burden on health care facilities. Treatment often involves removal of infected foreign material and long-term antimicrobial therapy [1] [2] [3] . Multiresistant, well-adapted hospital-associated S. epidermidis clones have been described, as well as the persistence and transmission of these clones in and between health care facilities [4] [5] [6] [7] [8] [9] [10] . S. epidermidis is associated with growth of multiple colony variants and susceptibility profiles in cultured specimens from device-related infections. This may lead to a delay in clinical diagnosis, or even a misinterpretation of the finding as contamination of the specimen [11] [12] [13] [14] . These distinct phenotypes may belong to the same or to different genotypes, and clinical interpretation of the finding can be difficult without genotyping. Pulsedfield gel electrophoresis (PFGE) has been the most frequently used method for short-term epidemiological tracing of S. epidermidis [15] . Multi-locus sequence typing (MLST) has been the preferred method for describing the population structure and evolution of S. epidermidis [16] . As of July 2017, 41-62 unique alleles (allele IDs) are defined for each of the seven different housekeeping gene loci, and 640 different sequence types (STs) are registered in the http://pubmlst.org database. The genetic diversity of S. epidermidis is larger in the community than among hospital adapted strains [9, 17, 18] . Certain STs have disseminated globally, and a few STs tend to dominate among strains recovered from hospitals, such as ST2, ST5, ST22, ST23 and ST215 [7, 8, 10, 19, 20] . Whole-genome sequencing (WGS) is expected to replace these methods, and has been used in a few S. epidermidis genotyping publications [21] [22] [23] . However, this option is still limited in many laboratories due to lack of equipment or expertise, and competition for resources with organisms considered more important in the laboratory, such as methicillinresistant Staphylococcus aureus. All these methods have a relatively low throughput or high cost [24] . The detection of single-nucleotide polymorphisms (SNPs) in housekeeping genes is a potentially rapid and inexpensive alternative to MLST for bacterial typing. In 2016, Tolo et al. published a SNP-based genotyping method for S. epidermidis [25] . They used a SNP combination that classifies STs into one of six genetic clusters previously identified through Bayesian clustering of MLST sequence data [26] . The method consisted, in brief, of selecting one SNP in each housekeeping gene from 578 STs using G ST statistics. The SNPs were detected using allele-specific primer extension, targeting one selected SNP in each of the seven amplicons from the MLST scheme [25] . Their selected SNPs are well suited to exploring the population structure of S. epidermidis, as the six identified genetic clusters seem to correspond with the population structure revealed through WGS [22, 25] .
In 2004, Robertson et al. described a method for computeridentified SNP sets from MLST databases that allowed for genetic typing of bacteria, with an update published in 2007 [27, 28] . This software can identify the discriminatory power of unique SNPs and of different SNP combinations, and settings can be tailored to: (1) Discriminate a single ST from all other STs (% mode), (2) discriminate all STs from each other (D-mode) or (3) discriminate user-defined groups of STs, such as a clonal complex (CC), from all other STs (Not-N mode). This software has been used to define highly discriminatory sets of SNPs for pathogens such as Neisseria gonorrhoeae, S. aureus and Campylobacter jejuni [29] [30] [31] . High-resolution melt (HRM) analysis of PCR products can discriminate variants of PCR amplicons based on differences in percentage GC content without the use of hybridization probes, and has the advantage of being able to detect from one to several SNPs simultaneously. This methodology has been applied to genotyping of S. aureus, Enterococcus faecalis and Klebsiella pneumoniae based on nucleotide differences in their MLST gene fragments [32] [33] [34] . Genotyping based on a limited number of SNPs in the housekeeping genes will not have the discriminatory power of a full MLST, but studies have shown high discriminatory power and concordance with MLST and PFGE. The selected SNPs will sometimes fail to discriminate strains, particularly among all single-locus variants (SLVs) within a clonal complex [27, 30, [32] [33] [34] . Nevertheless, SNP-based genotyping can be used to rapidly exclude relationships between strains, which is useful in many clinical settings. An answer to the question 'Do these strains have the same sequence type?' will never be a false negative from a set of highly discriminatory SNPs (D-mode) [27] .
To determine whether S. epidermidis in different clinical samples or colonies of various size, colour or antibiogram belong to the same or to different genotypes may be important for decisions regarding clinical interpretation and treatment [13, [35] [36] [37] . We have developed a SNP-based typing of S. epidermidis combined with HRM-PCR that can be implemented in a routine clinical microbiological laboratory. The approach for SNP selection, the included SNPs, the real-time PCR format and the technology used for allele variant detection are different from the method described by Tolo et al. The method described herein is intended to lower the threshold for performing genotyping of S. epidermidis, and to rapidly identify strains of different genetic backgrounds. It can also be used to select strains in need of further typing with more discriminatory methods such as PFGE, MLST or WGS.
METHODS
MLST sequence data S. epidermidis MLST sequences were downloaded and concatenated directly from the http://www.mlst.net website in June 2013. We excluded STs containing non-standardlength alleles from the concatenation, and sequences from tpiA and yqiL had to be added manually. In total, concatenated sequences of 2938 bp from 438 STs were available for further analysis. For unknown reasons, the last 60 nucleotides of arcC, the first nucleotide of aroE (G) and the first two nucleotides of mutS (TT) and pyrR (CG) were missing from the direct concatenation. A list of included and excluded STs can be seen in Supplementary file S1. Today, the S. epidermidis MLST database is located at the http://pubmlst.org website, from which a concatenation gives the expected number of nucleotides (n=3003) with all seven gene loci included.
SNP identification, SNP selection and primer design Identification of discriminatory SNPs was initially performed by manual inspection of multiple sequence alignments of all allele IDs at each locus using ClustalW2 and Clustal Omega. The search aimed at identifying SNPs that altered the percentage GC content among common allele IDs. The first primers were designed based on this search. The manual search was supplemented by the Minimum SNP software version 2043 [28] in April 2014, using concatenated sequences from the 438 STs. The following criteria were used for SNP selection. (1) Only class I and II SNPs that alter the percentage GC content of the PCR product were included to ensure optimal Tm discrimination [38] . (2) SNPs located within the first or last 20 nucleotides of each allele were excluded to enable primer design based on allele sequence data in MLST databases. (3) Tri-allelic SNPs (e.g. A-T-C) were excluded if >95 % of the STs contained A or T. 4) Inclusion of eight SNPs in total to facilitate a 96-well PCR set-up. First an open search was performed using the D-mode to identify potential SNP combinations. Any discriminatory SNP identified that did not fulfil the criteria above was excluded, and the search was repeated. Relevant bystander SNPs within the PCR products were identified by comparison of allele IDs using the 'allele sequence comparison' function of the pubmlst.net website. To optimize the impact of any change in percentage GC content between amplicons on the HRM profile, we aimed for PCR products of <150 bp. Primers were designed using Oligo Primer Analysis Software v7 (Molecular Biology Insights, Inc., Cascade, CO).
Sequence types used for in silico analyses and HRM-PCR evaluation For in silico analysis of the selected SNPs' resolving power, 42 STs were included. The STs included group and subgroup founders containing !3 STs based on BURST analysis of STs at the pubmlst website as of January 2017, using a stringent group definition where profiles match at six loci to any other member of the group. To evaluate the method's discriminatory power in a hospital setting, additional STs commonly associated with hospital infections and outbreaks were included, as well as a few singletons to cover a wider range of allele IDs [9, 16] . The MLST profiles of the majority of STs consist of a combination of a few allele IDs at each locus, despite the much larger pool of defined allele IDs. As an example, at the mutS locus, allele IDs 1, 2 and 6 will be present in 63 % of all STs. Similar numbers are found when including only three allele IDs at the other loci. Increasing the number of included allele IDs to 7-10 will ensure that 85-93 % of all STs at each locus are covered. Together these 42 STs represent 7-13 different allele IDs at each locus, and represent >85 % of the STs at each locus. Included STs and their allele IDs can be seen in Table 1 .
To establish the HRM-PCR, 11 known S. epidermidis strains were included: ST8 (ATCC 12228), ST10 (ATCC 35984) and STs 2, 5, 22, 23, 59 , 73, 88, 89 and ST215. These STs differ at 1-5 loci, and their allele IDs cover 57-70 % of all STs at each locus.
Isolation of bacterial DNA
The isolates were cultured on blood agar base (Oxoid, Basingstoke, UK) supplemented with 5 % bovine blood. For HRM-PCR, 4-6 colonies were mixed with 880 µl of TE buffer (Sigma, USA), 20 µl of lysostaphin 1 mg ml À1 (Sigma, USA) and 100 µl of proteinase K (>600 mAU ml
À1
, approximately 20 mg ml
, Qiagen, Hilden, Germany) to a total volume of 1000 µl. The suspension was incubated in a water bath for 15 min at 37 C and for 15 min at 65 C. DNA was extracted from the 1000 µl using NucliSens easyMag (bioMerieux) and eluted in a volume of 55 µl. Eluates were frozen at À20 C between runs. Before each PCR run, DNA concentration in the eluate was measured with NanoDrop 1000 (Nanodrop Technologies Inc., DE, ThermoFisher) with an observed range of 18-149 ng µl À1 among the included STs and different runs.
Real-time PCR and HRM analysis Real-time PCR was performed using a two-step PCR on the Bio-Rad CFX 96 Real-Time system/Bio-Rad C1000 Thermal Cycler and the CFX Manager software (Bio-Rad Laboratories, USA). The following conditions were employed: 2 µl of 5 µM forward primer and 2 µl of 5 µM reverse primer (Eurogentec, Belgium), 10 µl Precision melt supermix containing EvaGreen (Bio-Rad), 4 µl molecular-grade water (Sigma), 2 µl template (genomic DNA), initial denaturation for 2 min at 95 C, followed by 40 cycles of denaturation at 95 C (10 s) and annealing/ extension at 55 C (30 s). Finally, after 95 C for 30 s and 60 C for 60 s, HRM and plate reading was performed at 65-95 C with 0.2 C increment/10 s. Molecular grade water was used as negative control. Melt curves were analysed by the Bio-Rad Precision Melt Analysis software using the auto-detected pre-and post-melting regions. A melt file was generated after each run to evaluate STs cluster assignment at each of the eight SNP-PCR assays. The combination of assigned cluster (C) at each assay in a PCR run gave rise to a cluster profile and subsequent HRM pattern. The slopes of the standard curves from a 6-log dilution range from three STs were used to calculate PCR efficiency for all SNP-PCR assays. All STs were tested using template diluted to 1 : 10 and 1 : 100 in two or three different PCR runs, using different combinations of 3-5 STs in each run. These dilutions were selected based on the efficiency experiments where different cluster assignments were sometimes observed for the same strain at undiluted or very low DNA concentration. Tm difference threshold (TmDT) is defined as the lowest Tm difference between samples that the software will define as different clusters. Melt curve shape sensitivity (MCSS) is the stringency used to classify melt curves into different clusters based on their shape (Bio-Rad HRM software instruction manual, catalogue #184-5025). Default values of 0.15 for TmDT and 50 for MCSS will produce acceptable results in most situations. However, a manual decrease in MCSS or increase in TmDT may be necessary to eliminate false-positive clusters. We defined a false cluster as a dilution of a strain that obtained an unexpected software cluster in a single PCR run. Before any adjustment, PCR amplification curves, Ct values, Tm values and obtained RFU and HRM curves were inspected manually for aberrant results. Visual assignment to a HRM cluster for each ST and dilution was performed in parallel with the software assignment.
To investigate the robustness of the PCR, and to compare the 11 STs in the same analysis, a melt study was performed where compiled data from seven different PCR runs were analysed using the Precision Melt Analysis software and visual inspection of the melt curves, with subsequent generation of a melt study cluster profile and melt study HRM pattern. Table 3 . This gives a Simpson's index of diversity of 0.97 for the included strains. The arcC340 assay has a counteracting bystander SNP. All included STs with an A-for-C substitution in arcC340 also have a G-for-A substitution at arcC345, limiting the usefulness of this SNP. It will, however, be able to separate the approximately 15 % of STs with allele IDs containing a C and a G at these positions, giving rise to two expected clusters. In the arcC397 assay, bystander SNPs were located at arcC405 and arcC432, giving rise to three expected clusters based on percentage GC difference. The aroE265 assay gave rise to two expected HRM clusters. The bystander A-T SNP at position 236 affecting ST73 was not expected to be detected based on HRM curve analysis, and would not help to discriminate the included 42 STs. This SNP is, however, tri-allelic. ST331 is the only ST to date with a G at this position (allele ID 35), and is expected to have a separate melt cluster from the 42 included STs in this study. The gtr395, mutS25, mutS223 and pyrR267 assays gave rise to two expected melt clusters each. In the tpiA242 assay there were augmenting bystander SNPs at tpiA248, tpiA253 and tpiA262 giving rise to four expected clusters.
Some STs were not separated due to the selection, position or nature of the SNP. This is the case for ST88 and ST89 (differing only in a SNP at yqiL1), ST2 and ST22 (differing in an A-T SNP in tpiA187) and ST6 and ST20 (differing in a SNP at pyrR9 and in an A-T SNP at yqiL143). Adding further SNP PCR assays to the method would help in their resolution. As an example, ST20 and ST6 could be separated 
R323-304 5¢-GTTCATATGCAATAACAACT-3¢ 
Allelic positions of selected SNPs are in bold font, bystander SNPs are in normal font. C1-C4, Predicted HRM cluster at SNP assay based on amplicon GC content. C1 is the cluster with the highest GC content and Tm in the assay. C2-C4 have successively lower GC content and Tm.
X, Predicted poor amplification in assay due to forward primer mismatch at the 3¢ end.
Cluster profile: The combination of predicted cluster at each of the eight HRM-SNP PCR assays. *SNP located within reverse primer. Incorporated base in the sense strand that will determine the HRM cluster is shown in parentheses. †SNP located within 3' end of forward primer. Poor amplification is predicted. Incorporated base in the sense strand is shown in parentheses. ‡SNP located within forward primer. Incorporated base in the sense strand that will determine the HRM cluster is shown in parentheses. §ST included in evaluation of the HRM-PCR.
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from ST1 by a PCR assay targeting the yqiL72 SNP, and ST8 and ST59 could be resolved by targeting the gtr149 SNP.
Bystander SNPs within the primer binding regions SNPs within primer regions will not impact the percentage GC content of the predicted HRM clusters, but may influence PCR kinetics depending on their numbers and position. The arcC432 SNP is located within the reverse primer. Hence, the T found in allele IDs 3, 7, 12, 28 and 49 will not contribute to increased HRM diversity. Similarly, in the pyrR267 assay, the bystander SNP in position 235 affecting ST193 will pass undetected. For both these assays the primer mismatch is not located near the 3¢end, and PCR amplification is not expected to be affected, provided stringency conditions that allow annealing and elongation of a primer with one mismatch. In the mutS223 assay, however, the SNP affecting ST288 and ST490 is located at the 3¢ end of the forward primer and will probably affect PCR amplification [41] . This SNP does, however, so far only involve the mutS 23 allele found in five STs. To display no or very poor amplification due to primer mismatch may by itself be considered as a separate cluster, which contributes to an increased number of predicted HRM patterns, as illustrated in Table 3 .
HRM-PCR
Performance of PCR Adequate efficiency for all SNP assays constructed was ensured with efficiency of >90 %. Cycle threshold (Ct) values for triplicates for each strain in all SNP-PCRs were within the range 15.5-23.6 for 1 : 10 dilutions and 18.7-27.3 for 1 : 100 dilutions. All strains had Ct values <30, which can be regarded as an upper limit beyond which strains should be excluded from analysis due to poor amplification or overly low initial template DNA [42] . Inter-assay Ct variability of >2.0 was seen for 5.6 % of the triplicate or duplicate tests. The variation in Ct value can be explained by a single PCR run with aberrant results, or when a new lysate of a strain had been used. Ct values and DNA concentrations for individual runs of each strain and strain dilution may be seen in Supplementary file S2. A limitation of the study is that STs having bystander SNPs at the 3¢ end of any of the primers were not included in the analysis to show how this would impact on HRM-PCR; however, this phenomenon is well described in the literature and may affect any future ST in addition to the limited number of existing ones [41] . Strains showing poor or lacking amplification despite adequate DNA isolation require sequencing of the affected allele to look for primer mismatches.
HRM analysis
All SNP-PCR assays separated the 11 included STs into their expected cluster based on the percentage GC content seen in silico in Table 3 . The arcC397 and tpiA242 assays generated up to three different clusters, and the assays for gtr395, mutS25, mutS223 and pyrR267 yielded up to two different clusters. The clusters were visually distinct in all runs for all assays. The number of obtained clusters at each SNP-PCR assay was dependent on the combination of STs included in each PCR run (Supplementary file S3). Hence, a given ST will not have a fixed HRM cluster profile or HRM pattern, but will vary depending on the selection of STs to which it is compared in a PCR run or melt study. Fig. 1 illustrates how five STs are resolved into five HRM patterns by only three SNP-PCR assays, and that the clusters generated are clearly distinct. The arcC340 and aroE265 assays did not, as expected, discriminate among these 11 STs.
The way in which amplicons are classified by HRM-PCR software is sensitive to variations in initial template concentration, reagents and amplification efficiency, and has been summarized by Taylor et al. [42] . False clusters generated by the software may be due to variations in DNA concentration in templates from the same strain. This is a known limitation of HRM-PCR [43] , and was sometimes observed even with the narrow range of DNA concentrations used here. Adjustments of the MCSS or TmDT settings were made in some assays to avoid 1 : 10 and 1 : 100 dilutions of a ST being assigned to different clusters by the software. Visually, however, these clusters were easily separated from the clusters with different percentage GC content, as illustrated with an example from the arcC397 assay in Fig. 2(a, b) . Results of all PCR reactions indicating the number of correct calls and miscalls at each SNP-PCR assay are summarized in Table 4 . Results are shown both for software-and visually-assigned clusters, as well as for how the software miscalls are affected by adjustment of software settings. For more in-depth information, Supplementary file S3 shows the included STs and assigned cluster, Tm, obtained cluster profiles, HRM pattern and adjustments of software settings in each SNP assay of seven PCR runs. Robust separation of amplicons based on Tm change (DTm) has been regarded as 0.2 C, which corresponds to a single G-C for A-T change in a nucleotide sequence of 205 bp [43] . If the TmDT had been set at 0.2 in this study, the need for adjustments of TmDT would have been avoided. We found no criteria in the literature to define a robust separation of amplicons based on limits for MCSS. However, when the melt curves of two dilutions of the same strain look the same, have similar Tm and the observed difference in fluorescence is small, typically within À0.03 to 0.03 RFU, a software-generated assignment of the different dilutions into separate clusters should not be trusted. This is illustrated in the aroE265 assay in Fig. 2(c, d) , where the included STs have the same allele ID. Strains displaying aberrant PCR curves or poor amplification in one or both dilutions relative to other strains in the same PCR run are likely to produce a false cluster, and should be excluded from the analysis and retested.
A potential limitation of this study is that the templates were not diluted to a standard DNA concentration. This has, however, been partly overcome by knowing the DNA concentration in the eluates, and using two dilutions of each ST in every PCR run. Another limitation is that a known positive control with a predefined Ct range was not used in the PCR runs. When unknown samples are analysed this should always be included, and is of utmost importance if Fig. 1. ST23, ST59 , ST215, ST88 and ST10 were resolved into five HRM patterns by the combination of different HRM clusters (C1-C3) obtained at three SNP-PCR assays. The arcC397 assay assigned ST23 to C1 (GCC), ST215, ST88 and ST10 to C2 (all GTC) and ST59 to C3 (ATC), and clusters are clearly distinct (a). The gtr395 assay assigned ST10 and ST59 to C1 (C) and ST23, ST88 and ST215 to C2 (T) (b). The tpiA242 assay assigned ST215 to C1 (GGTG), ST88, ST10 and ST59 to C2 (AGTG) and ST23 to C3 (ATTG) (c). Thus five unique HRM patterns were generated based on the HRM cluster profiles; ST23: HRM pattern 1/C1-C2-C3; ST59: HRM pattern 2/C3 C1-C2; ST215: HRM pattern 3/C2-C2-C1; ST88: HRM pattern 4/C2-C2-C2 and ST10: HRM pattern 5/C2 C1-C2. Fig. 2 . This figure shows the HRM clusters generated at the arcC397 assay (a) and the aroE265 assay (c) using the software default settings. In this PCR run, arc397 assays C3 and C4 are 1 : 10 and 1 : 100 dilutions of ST8, respectively (a). Adjusting MCSS from 50 to 49 will merge C4 with C3 (b). Visually, however, C3 and C4 appear to be the same and are clearly different in the normalized melt curve and difference curve from C1 (ST23) and C2 (ST73), which have higher percentage GC content. The aroE265 assay in this PCR run has four clusters generated by the software. Visually, however, these appear to be to the same cluster based on the melt curve. ST5, ST22, ST23, ST59 and ST88 have the same percentage GC content in their aroE amplicons. The four clusters generated at the default setting (c) all merge into cluster C1 if MCSS is lowered to 29 (d) . Note the very small difference in RFU in the difference curve of the aroE265 assay compared to the arcC397 assay, indicating that these aroE amplicons have the same percentage GC composition.
only one dilution of each strain is used. Using two dilutions as done here is highly recommended, as the strain then serves as its own internal control and will identify any inhibition or pipetting error that would otherwise go undetected, even when a positive control is within its normal range. If two different dilutions of each strain under investigation are used, the same melt profile and cluster should be obtained at both dilutions. If investigating an outbreak, it is recommended to include the outbreak strain in each run as a reference for comparison to unknown genotypes.
Robustness of the method assessed by melt-study analysis In general, the included 11 STs were assigned to the same cluster when repeated runs of the same strain were compared in a melt study analysis. The strains were resolved into an expected eight different HRM patterns as shown in Table 3 , giving a Simpson's index of diversity of 0.95 for these STs. Obtained clusters in the melt study can be seen in Supplementary file S4. The tpiA242 PCR assay showed the highest stability between runs, with no need for adjustments in MCSS or TmDT to avoid false clusters. For the other assays, adjustments of the default setting were needed to avoid false-cluster assignment. As was the case with the individual PCR runs, visual inspection of the melt curves made it clear to which cluster these strains belonged. In melt comparison studies, where different PCR runs are compared, the risk of having false clusters generated is higher than in individual runs, and in particular MCSS seems to be unreliable. Careful consideration of each run's Ct values should be undertaken, and also if different reagent batches have been used. We recommend that melt-study analysis is used preferably for runs where a known ST is within a predefined Ct range for every run, and even then 62 PCR reactions consisting of 11 STs each tested three times (ST88 and 89 both tested twice) at both 1 : 10 and 1 : 100 dilutions.
MCSS: melt curve shape sensitivity. The stringency used by the software to classify melt curves into different clusters based on their shape (software default value 50). TmDT: Tm difference threshold. The lowest Tm difference between samples that the software will define as different clusters (software default value 0.15). Miscall: dilution of a ST in a single PCR run that obtained an unexpected software cluster.
Visually assigned cluster: performed in parallel to software assignment. Based on inspection of amplification curves, Tm and shape of melt curve and difference curve of 1 : 10 and 1 : 100 dilutions of the same ST in a single PCR run.
with caution. This present method has been established with the intention to perform direct analysis of a limited number of strains in a routine laboratory. More experience with larger number of clinical strains is needed to better evaluate the method's robustness over time in consistently assigning the same genotype to a given and predicted melt profile in a melt comparison study. The method is not intended or suited for inter-laboratory comparisons, due to HRM-patterns being influenced by the STs used for comparison, as well as the potential influence on obtained HRM clusters created by differences in DNA isolation, reagents and equipment.
Overall assessment of the method The time to obtain a HRM-PCR result was approximately 3-4 h, including DNA extraction and analysis. This is significantly faster than MLST or PFGE. Estimated costs are currently about one fifth of a full MLST. In addition, hands-on time is low and post-PCR analysis requires fewer interpretation skills than sequencing methods, which favours implementation in clinical routine. This method can provide the clinician with a genotyping result to aid in diagnostics the same day that culture results are obtained. The method may also be combined with PCRs targeting binary genes, as suggested for other bacterial species, to increase the resolving power and provide information regarding antimicrobial resistance or virulence, such as the mecA, cfr and icaA genes [29, 34] .
Prior to performing HRM-analysis, it is essential to evaluate carefully the PCR curves obtained at each assay, excluding or retesting reactions that show a significantly deviating Ct value, signal plateau or amplification curve from other reactions in the same run.
A disadvantage of SNP-based genotyping resides within the large genetic diversity of S. epidermidis, and the fact that MLST databases only cover a portion of existing STs. HRM technology limits the use of A-T SNPs, and SNPs located in the start or end of alleles cannot be used if primer design is based on allele sequence data in MLST databases. Apparently useful SNPs identified by the minimum SNP software may have to be discarded due to these issues, due to SNPs within the primer region or because of difficult primer design. Future SNPs may potentially inhibit or augment the effect of a selected SNP, and hence new STs may be either missed or discovered depending on whether the percentage GC content within the amplicon is different from existing genotypes. This contrasts with technology targeting specific SNPs, which will not be able to find new STs. Amplicons with the same percentage GC content may occasionally be discriminated by HRM technology, as the HRM curve reflects the actual DNA sequence. How SNPs are distributed and interact with neighbour bases may result in unique melt-curve shapes for amplicons with the same percentage GC content. This has been proved by others using HRM genotyping of MLST alleles [32, 43] . The present study was unable to discriminate amplicons with A-G from amplicons with C-A in the arcC340 assay (Table 3) . This phenomenon may, however, help to discriminate among allele variants in any of the assays, and to further increase the method's resolving power. As the MLST database expands, adjustments to the method may be required if certain allele variants become more prevalent. This can easily be done by adding a second PCR with primers for additional SNPs for further discriminatory power, or by substituting some of the included SNPs in the described PCR to encompass global or local predominant STs.
To conclude, this paper describes a method that is inexpensive, rapid and potentially useful in a routine laboratory to establish whether or not S. epidermidis strains belong to different genotypes. It uses equipment and skills already present in most clinical microbiology laboratories. Its strength lies in pointing out differences rather than similarities, as different STs may be represented in the same melt profile. In individual patients it can assess the genetic relatedness among strains displaying different antimicrobial resistance patterns and colony morphologies. Association with a hospital outbreak strain may be rapidly ruled out, and it enables screening of a large number of strains with limited use of time and resources. It can also be used to select strains with identical or similar melt profiles for further investigations with additional primers, PFGE or WGS. A simple genotyping method that can be used in most microbiological laboratories will probably lower the threshold for performing genotyping on S. epidermidis strains, and hopefully lead to an increase in the detection of outbreak strains, simplify the clinical evaluation of infections where multiple colony variants are involved, and eventually help improve our understanding of S. epidermidis as an important nosocomial pathogen.
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